Background Diverse sources of syndromic surveillance including over-the-counter (OTC) drug sales, hospital and school-based influenza-like illness (ILI) and Baidu search queries estimate influenza activity in Tianjin, China. The purpose of this study was to determine which syndromic surveillance systems had the strongest correlation with laboratory-confirmed influenza activity.
Introduction
Every year, influenza causes severe illness and death especially in elderly and other high-risk populations. 1 Monitoring influenza activity through public health surveillance is an ongoing global public health challenge. In addition to seasonal influenza, the emergence of a novel influenza virus capable of sustained person-to-person transmission, against which little or no previous immunity exists, could result in a pandemic with potentially millions of fatalities. 1, 2 Maintaining comprehensive influenza surveillance systems are essential to accurately characterizing disease epidemiology and providing information to effectively respond to and control influenza. Traditional influenza surveillance systems rely on both laboratory data. 3 Influenza-like illness (ILI), defined as sudden onset of fever (temperature .388C) with cough or sore throat, is reported by sentinel hospitals in combination with laboratory surveillance data. Laboratory-based surveillance for ILI disease is the gold-standard, as it provides case-based circulating strain data from patients who present with influenza symptoms. However, reporting every case is costly and necessitates a high level of vigilance by healthcare providers. Furthermore, traditional influenza surveillance is fraught with delays in reporting, and reliance on laboratory confirmation can prevent early detection of influenza outbreaks. 4 Many public health systems, including China's, have augmented traditional influenza surveillance with a variety of syndromebased surveillance systems to monitor influenza in a timelier manner.
Influenza surveillance in China has significant implications for global health. China has repeatedly served as a source of novel and pandemic influenza strains associated with increases in regional and global morbidity and mortality, the most severe of which occurred in the 1918 influenza pandemic. 5 Thus, with international concerns about emerging novel influenza strains and their pandemic potential, the need for real-time surveillance in China has increased 6, 7 ; innovative, syndrome-based surveillance systems have been developed to monitor indirect signals of influenza activity. In Tianjin, China, four types of syndromic surveillance systems have been implemented. These systems provide information more rapidly than diagnostic laboratory-based testing and reporting, and are used as early indicators of community-level influenza. These systems include: (i) healthcare ILI reporting to health; (ii) over-the-counter (OTC) drug sales; (iii) school-based ILI surveillance, which tracks the number of children absent from school due to ILI and (iv) Baidu Internet search query surveillance. 8 -11 The purpose of this study was to assess these syndromic surveillance systems to determine which best correlates with circulating influenza activity relative to traditional laboratoryconfirmed surveillance in Tianjin, China during the 2013 -14 season. We examined the temporal correlations between four different syndrome-based surveillance systems to that of laboratory-based influenza surveillance.
Methods
Tianjin is a municipality of 13 million people, located 120 km south east of Beijing. Tianjin has a warm temperate zone with an influenza season that generally extends from October through March. The highly centralized healthcare system consists of tertiary care hospitals, secondary, or county hospitals, and community hospitals and is administered at provincial, city and county levels, providing funding to hospitals and physicians. Tertiary and secondary hospitals are primarily public institutions providing western-style medicine, and serve as regional medical centers. There are also 51 public pharmacies throughout Tianjin.
The Tianjin Centers for Disease Control and Prevention (TJCDC), part of the Global Influenza Surveillance Network provides surveillance data to the China CDC, a World Health Organization (WHO) Collaborating Center. 12 TJCDC has been conducting epidemiologic and laboratory surveillance for influenza in sentinel hospitals and influenza network laboratories since 2001. In response to the 2009 H1N1 influenza pandemic, new syndromic surveillance was implemented, including sentinel healthcare provider ILI surveillance, OTC drug sales and school-based ILI absence surveillance. In 2013, TJCDC began using influenza-related Internet search query data from Baidu, a Chinese Internet search engine. Baidu is a Chinese language web services company that provides 85% of the market share of Chinese language Internet search engines in China.
Data for this study from laboratory-confirmed surveillance, sentinel hospital ILI, OTC surveillance, school-based ILI and Baidu search queries were collected during the 2013 -14 influenza season, 30 September 2013 to 30 March 2014.
Influenza surveillance systems
Traditional laboratory-confirmed surveillance Throat swab specimens were collected from ILI patients each week from 9 of 21 (43%) hospitals across Tianjin, which collectively serve 62.2% of Tianjin's population. These sentinel hospitals were members of the Chinese national influenza sentinel hospital system. Specimens were transported to the corresponding laboratory in a suitable transport medium at 48C within 48 h of collection for the laboratory confirmation and subtype identification. Each sentinel hospital was required to collect 20 specimens from suspect ILI patients weekly, a total of 180 specimens each week. Furthermore, seven laboratories, all members of the China influenza surveillance laboratory network, and six county-level CDC's provided virologic data from influenza specimens. These labs reported the total number of specimens received for influenza virus testing and the number testing positive for influenza A (H1N1), A (H3N2), A (H1N1) pdm09, A (not subtyped) and influenza B weekly via the National Influenza Surveillance Information System (NISIS). Influenza cases were confirmed by at least one positive result from either: (i) isolation of the virus or (ii) RNA of influenza virus detected by real-time RT-PCR. All laboratory-confirmed specimens in county-level CDCs were required to be sent to the TJCDC for confirmatory testing. The laboratory results for all specimens were reported to the NISIS weekly, expressed as positive rates, a percentage of total positive test results of 180 specimens submitted for analysis in this study.
Sentinel hospital ILI surveillance
Patients presenting with fever (388C), cough and/or a sore throat at any of nine sentinel hospitals were counted by physicians as ILI cases for sentinel hospital ILI surveillance. The number of ILI cases and total number of clinical consultations were collected from pediatrics, respiratory and emergency room departments, and recorded daily by sentinel hospital staff to NISIS. The ILI rate was defined as the number of ILI cases out of the total number of consultations, expressed as a percentage (ILI%), and calculated for each calendar week of this study.
OTC surveillance
Data from sales of 62 designated OTC medications used to treat colds and acute respiratory tract infections in all forms including tablets, powder, granules and syrups were collected and reported daily by 18 of 51 (35.2%) randomly selected public pharmacies in Tianjin sentinel hospital areas. The categories of OTC medications, ranked by the top five for sales volume in each pharmacy, consisted of antipyretic analgesics, antitussives, expectorants and other Chinese patent medicines licensed for cold and acute respiratory tract infection treatment. Data from the previous day's sales were reported daily. Data elements included medication name, the number of units sold and whether or not the item was on promotion. The promotion of OTC drug sales was not observed for any of the 62 designated OTC medications during the study period.
School-based ILI surveillance
School-based ILI data included reports of ILI cases and ILI-related absences among 32 000 students in 19 randomly selected schools from 88 (21.6%) large (1000 or more students) public primary or secondary Tianjin public schools in the period from 30 September 2013 to 30 March 2014. Data were not collected during holiday breaks (e.g. national holidays). Student ILI cases and school absences for ILI were collected daily by each class teacher and reported to the school's medical staff. All schools reported counts of ILI cases daily and ILI-related absences weekly to TJCDC by email.
Baidu search query assessment for ILI surveillance
To identify the most influenza-related Internet search queries, we conducted a telephone-based survey of the 221 laboratory-confirmed influenza cases; 202 signed consent and responded, a 91.4% response rate. The survey question was: 'If you've searched for influenza in the early stages of illness, what search queries or terms have you used among alternative keywords below?'. Among 202 cases, 164 (81.2%) individuals experiencing early symptoms of influenza performed Internet searches about symptoms using the Baidu search engine. Using survey results, the four highest frequency keywords used in Internet searches were, from highest to lowest, 'fever', 'cough', 'influenza' and 'cold'. By setting the location parameter to 'Tianjin' and the time parameter to '30 Seotember 2013 -30 March 2014', we downloaded these four highest frequency queries for influenza illness identified by the survey from the Baidu database (http://index.Baidu.com/).
Statistical analysis
Because traditional laboratory-confirmed cases of influenza were reported weekly from the 180 specimens collected at the 9 sentinel hospitals, we developed weekly indicators for each of the other systems: the weekly average sentinel hospital ILI%; weekly counts of OTC drug sales; weekly counts of school-based ILI, which includes cases and absences; and weekly counts of Baidu search queries. All weekly data were recorded for the period of from 30 September 2013 to 30 March 2014.
In previous research, it was found that Google Flu Trends could lead influenza detected via traditional surveillance systems by 1-2 weeks 13 which prompted the authors to utilize a similar lag correlation analyses. Also, a non-parametric test was used for statistical comparisons between the syndromic surveillance systems and laboratory surveillance system. The non-parametric test was preferred given the distribution of the laboratory data, which differ significantly from the normal distribution (Kolmogorov-Smirnov test, P , 0.05). Specifically, Spearman correlation coefficients (r) were calculated using week as the unit of association, to compare laboratoryconfirmed influenza data with each syndromic surveillance system's data using IBM SPSS Statistics software (IBM Corp, 2010. IBM SPSS Statistics for Windows, Version 19, Armonk, NY, USA). Spearman correlation coefficients were calculated between ranked variables to determine the degree of correlation. We also performed lag correlation analyses, assuming a maximum lag of 2 weeks. Two-tailed P-values were reported for significant Spearman correlations. A strong correlation was defined as r . 0.7. Significance was set at P , 0.05.
The study protocol was approved by the ethics committee of TJCDC.
Results

Correlation analysis
Hospital ILI surveillance, OTC surveillance and school-based ILI surveillance showed moderately high levels of correlation with laboratory-confirmed surveillance data (Table 1) . Hospital ILI surveillance had a correlation of r ¼ 0.732 (P , 0.05); the correlation coefficient for the association between OTC surveillance and hospital ILI surveillance data was 0.558 (P , 0.05) and 0.696 (P , 0.05) between schoolbased ILI surveillance and hospital ILI surveillance. OTC surveillance correlated with laboratory-confirmed surveillance data fairly well, r ¼ 0.490 (P , 0.05) and school-based ILI surveillance also correlated moderately well with laboratoryconfirmed surveillance, r ¼ 0.693 (P , 0.05).
The Baidu search queries for 'influenza', 'cough' and 'fever' were statistically significant and correlated with laboratoryconfirmed surveillance data; r ¼ 0.563 (P , 0.05), r ¼ 0.632 (P , 0.05) and r ¼ 0.924 (P , 0.001). The search term 'cold' showed no statistically significant correlation with laboratoryconfirmed data; r ¼ 0.249 (P , 0.05). Baidu search queries for 'fever' and 'cough' also had statistically significant correlations with hospital ILl data; 'fever' with an r ¼ 0.768 (P , 0.05), a strong correlation, and 'cough' with an r ¼ 0.461 (P , 0.05). Baidu search queries for 'fever' had statistically significant correlations with Baidu search queries for 'cough', 'influenza', OTC surveillance and school-based ILI surveillance (r ¼ 0.569, 0.572, 0.494 and 0.638, respectively, P , 0.05). The Baidu search queries for 'cold', 'influenza' and school-based ILI surveillance were significantly correlated with the Baidu search queries for 'cough' (r ¼ 0.691, 0.378, 0.686, respectively, P , 0.05).
Temporal trend analyses
During the 2013 -14 influenza season, there were 783 laboratory-confirmed influenza cases detected from a total 4680 specimens (180 collected weekly) from the traditional laboratory surveillance system (See Fig. 1 ). The average weekly laboratory-confirmed influenza positive rate was 16.73%, and the positive rate ranged from zero cases to 44.85%; the highest laboratory-confirmed positive rate was reported in mid-January, 2014.
Lag correlation analyses
As shown in Table 2 , we performed lag correlation analysis of 1 -2 weeks to assess which syndromic surveillance system had a higher correlation with laboratory-confirmed surveillance. During the study period, a lag time of 0 weeks illustrated the highest correlation between laboratoryconfirmed surveillance and ILI surveillance (P , 0.05). The correlation between OTC and laboratory-confirmed surveillance increased from r ¼ 0.490 to r ¼ 0.659 when assessed with a 1-week preceding of laboratory-confirmed surveillance (P , 0.05). Likewise, school-based ILI and laboratory-confirmed surveillance increased from r ¼ 0.693 to r ¼ 0.795, when assessed with a 1-week preceding laboratory data (P , 0.05). The highest correlation coefficients between laboratory-confirmed surveillance and Baidu search queries using 'fever' occurred at a lag time of 0 weeks; r ¼ 0.924 (P , 0.05). An increase in correlation with a lag time of 1 week was observed for the search query index of 'cough' (r ¼ 0.636). However, the search query index of 'influenza' showed a slightly higher correlation with 
Discussion Main finding
In a comparison of traditional laboratory-confirmed influenza reporting with four different syndromic surveillance systems, we found a very strong correlation between the Baidu Internet search for the term for 'fever' and laboratory-confirmed influenza activity obtained during the 2013-14 reporting period, but only moderate correlation with the other influenza syndromic surveillance systems (hospital ILI, OTC and schoolbased ILI).
What is already known
Prior research has looked at correlations between search queries for 'fever' and sentinel surveillance data using Google Trends. A study conducted in Korea reported a lower correlation coefficient between ILI and search query 'fever' 14 ; however, a Chinese study by Kang et al. showed the strongest correlation between the Google Trends term of 'fever' and ILI surveillance. 15 Novel syndromic surveillance systems such as Baidu search queries have the potential to more rapidly detect infectious disease outbreaks with greater sensitivity and allow for potentially earlier public health response to minimize adverse impacts. 16 Previous studies, including Tran et al. in 2013 conducted in China 17 indicate that patients with influenza are more likely to purchase OTC medications than present to physicians, clinics, or to an emergency department for immediate treatment. 6,17 -20 The majority of people with influenza become mildly ill and self-medicate with OTC medication and only consult a physician if their condition worsens. An increase in influenza-related OTC medication purchases may be a good indicator of influenza and may show increases before other surveillance systems. In their study, Socan et al., concluded that data on medication sales proved to be a good predictor of ILI incidence rate increases, 19 and the 2014 Todd study showed that OTC surveillance may detect community responses to public health measures and thus augment more traditional surveillance.
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What study adds
Our study supports the findings of previous studies; also, we find the correlation between OTC drug sales and laboratoryconfirmed data increased with a shift forward in time by 1 week. 21, 22 School-based ILI surveillance can also assist in the location of school or class-level disease outbreaks. Surveillance of school absenteeism and other school-based syndromic surveillance methods have been widely used to detect disease clusters and outbreaks in many countries. The aim of syndromic school-based ILI surveillance is to collect real-time influenza-like symptoms of students and thereby detect influenza activity before such cases may present to an outpatient clinic or hospital. Compared with clinic data, the use of school-based ILI data has been considered a potential tool for providing early warning of increasing influenza activity. 23 In China, the search engine Baidu is widely used. With the rapid development of Baidu and the increasing popularity of access to Internet medical information, the public increasingly uses web searches for health information. A 2013 Pew Research survey showed that one in three American adults had gone online to self-diagnose a medical condition. 24 Several studies have assessed the effectiveness of conducting influenza surveillance using Internet searches, particularly with Google, for monitoring influenza activity or detecting influenza epidemics. 25 -29 Baidu appears to have similar correlations to laboratory-documented influenza activity, and thus could similarly support ongoing surveillance efforts in Tianjin, China.
Limitations
While the laboratory-confirmed system collects a large number of specimens weekly (180) from sentinel hospitals, it only represents a sample of actual circulating influenza activity, and is not representative of total influenza activity. However, this is the traditional influenza surveillance system used by Tianjin CDC and, importantly, provides strain information for circulating viruses. We found that ILI surveillance most closely correlated with laboratory-confirmed surveillance data when no lag was applied; however, the correlation was smaller than that found in a 2011 study by Ortiz, et al.
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The major limitation with ILI surveillance is the detection of non-influenza respiratory pathogens, 30, 31 such as respiratory syncytial virus (RSV), which can circulate during influenza season. RSV can present similarly to influenza, which may lead to lower correlations with laboratory-confirmed data. A potential bias regarding OTC sales might include consumer 'stockpiling' of OTC medicines if prices on specific products are temporarily reduced. Furthermore, no information about the OTC purchaser is available, thus direct investigation of influenza clustering is not possible with OTC surveillance. 32 Lastly, the main limitation with school-based ILI data are illnesses that occur during holidays and on weekends, limiting the ability to accurately assess community-level influenza activity during these periods. 33 Despite this, school-based ILI correlated well with laboratory-confirmed data with a 1 week preceding adjustment. In practice, incorporating a lag to account for reporting delays will allow this data to be meaningfully incorporated into situational awareness reports of influenza activity. 34 Using Baidu data along with traditional laboratory surveillance can provide more timely and sensitive information about current influenza activity. However, individual healthseeking behaviors and factors influence what keywords are used by individuals for Baidu queries. Also, there is a need to account for the possibility that some searches may be promoted by fear or curiosity during disease-related media reports, or a 'celebrity effect,' instead of actual disease activity. For example, a news report regarding the China prime minister discussing H7N9 avian flu control at a conference in Week 5, 2014, generated a large increase of Baidu search queries for 'H7N9' the following week. Even so, as a search tool with convenient, freely available and accessible source of search data, Baidu is valuable for monitoring influenza activity.
In a comparison of syndromic surveillance systems with traditional laboratory-based influenza surveillance in Tianjin, China during the 2013 -14 influenza season, we found that the Baidu Internet index search query for 'fever' provided the best real-time reflection of influenza virus activity. School-based ILI surveillance data identified community-level influenza virus activity 1 week earlier than laboratory surveillance, and with greater geographic specificity. OTC surveillance could be used as an alternative to school-based surveillance data to assist in early prediction of influenza virus activity especially during the winter season. Sentinel hospital ILI, OTC drug sales, school-based surveillance and Baidu search query surveillance systems have been found to be useful in conjunction with traditional surveillance systems; they are vital for improving the timeliness and sensitivity of Chinese influenza surveillance monitoring and response which has shown to have important global public health implications.
